INTRODUCTION
In the last few years the stroke has been acknowledge as the main cause of dead and incapacity in the world (Roger et al., 2012) . Stroke refers to a cutting off of the blood flow in specific areas in the brain. This blood deprivation implies significant modifications in the somatossensorial, cognitive, and motor systems, which results in limitation in performance of a numerous motor skills, including those of postural control (Langhorne, Bernhardt, & Kwakkel, 2011) .
Postural control involves the spatio-temporal control of the body in two dimensions: (1) postural orientation -related to the ability of maintaining the appropriated relation between body segments, and between them and the environment; (2) postural stability or balancecenter of mass (CM) control in relation the base of support (BS) (Horak & Macpherson, 1996) .
The poor postural control of post-stroke individuals has shown a multifactorial etiology, such as biomechanical restrictions, deficits in sensorial detection, integration and perception, inappropriate balance reorganization strategies, poor cognitive processing, and erroneous perception of verticality (Oliveira, Medeiros, Frota, Greters, & Conforto, 2008) . This conjunct of factors negatively affects the quality of life to the extent that it affects the performance of activities of daily living (ADL), increasing of the incidence of falls, and hence restricts the sociocultural participation (Batchelor, Mackintosh, Said, & Hill, 2012; Langhorne et al., 2011; Oliveira et al., 2008) . In this sense, the analysis of the learning or relearning process of postural control has been identified as an important aspect to be investigated (Kitago & Krakauer, 2013; Krakauer, 2006) .
Although there are assumptions on the mechanisms related to motor learning to also be affected by the stroke, such as intrinsic feedback, working and long-term memory, decisionmaking, motor planning and, certainly, the effector mechanisms for perform tasks (Kitago & Krakauer, 2013; Krakauer, 2006) , the literature still has not provide strong support to this. For instance, while some experiments reported similar learning between post-stroke and healthy individuals (Boyd & Winstein, 2004; Platz, Denzler, Kaden, & Mauritz, 1994; Pohl, Mcdowd, Filion, Richards, & Stiers, 2006; Vidoni & Boyd, 2009; Winstein, Merians, & Sullivan, 1999) , others showed worse learning of post-stroke individuals in comparison to those healthy ones (Boyd, Vidoni, & Wessel, 2010; Iofee, Chernikova, Umarova, Katsuba, & Kulikov, 2010; Pohl & Winstein, 1999; Ustinova, Chernikova, Iofee, & Silva, 2001) . Furthermore, the most of the studies have investigated the motor learning of reaching and grasping or tracking tasks. Therefore, postural control tasks need further investigation. Importantly, in the few studies with postural control task (Iofee et al., 2010; Ustinova et al., 2001 ) failed in accessing the motor learning phenomenon by did not consider retention and/or transfer tests in their design. As is well known these tests are necessary for separating transient from permanent effects of learning (Magill, 2000; Schmidt & Lee, 2011; Schmidt & Wrisberg, 2008) .
Therefore, this study aimed to investigate the learning of a postural control task in post-stroke and healthy individuals. Our hypothesis was that individuals post-stroke improve performance in function of practice, as reported in previous studies (Iofee et al., 2010; Ustinova et al., 2001) , however, the perceptual and motor deficits of post-stroke individuals do not allow persistence in the retention test, in other words, there was no motor learning.
METHODS

Participants
Twenty post-stroke and 20 healthy individual with average age of 64.8 (± 9.2 years) were assigned to the experimental (EG) and control groups (CG).
For post-stroke individuals the inclusion criteria were: single ischemic event of the anterior circulation, confirmed by the neurologist or neuroimaging, injury time of at least 6 months, mild or moderate dysfunction according to Orpington Prognostic Scale (ORPINGTON) (Lai, Duncan, & Keighley, 1998) , ≥ 23 points in the Mini Mental State Examination (MMSE) (Bertolucci, Brucki, Campacci, & Juliano, 1994) .
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Exclusion criteria were: not preserved visual and auditory acuity, not keep standing position without assistive devices for at least 2 minutes; depression detected by the Depression Questionnaire Beck II (BECK) (Beck, 1967) , severe proprioceptive deficits in sensory section of the Fugl-Meyer Scale (FMS) (Fugl-Meyer, Jääskö, Leyman, Olsson, & Steglind, 1975) , severe aphasia, spacial heminegligence detected by the star cancellation test (Wilson , Cockburn, & Halligan, 1987) , absence of 2 or more times in predetermined days for the experimental study procedures, experience in video games involving virtual reality.
To characterize the sample and ensure the homogeneity of covariates, the following assessment instruments were used: Orpington Scale, MMSE, FMS, as well as the Berg Balance Scale (BERG) (Berg, 1993) and the Functional Reach Test (FRT) (Duncan, Weiner, Chandler, & Studenski, 1990 ). In addition, we also collected additional information such as lesion topography (hemispheric location), age, gender and time of injury.
The protocol used in the study followed the guidelines for Responsible Conduct of Research of the American Psychological Association and was approved by an institutional review board for the protection of human subjects at the University of São Paulo (624,520). All study participants received detailed explanations about the research and signed the consent term.
Instruments
The Nintendo Wii video game system provided of the balance board was used to perform the task. This system consists of a motion sensor, which allows the representation of the player´s center of pressure displacement in the virtual environment.
A white wall free of imperfections was used to project the task in front of the participants. The projection size was 1.5 m long by 2.2 m wide and 1.6 m high. The participant was positioned at a distance of 2.5 meters from the projection. These standardizations are shown in Figure 1 . It was chosen the Table Tilt game from the Wii Fit Plus collection. In this game, it is possible to move the center of pressure on a tilt structure with balls on its surface. The subject is able to shift weight in order to direct the ball up to the holes (targets). Therefore, the task goal is to get the ball fall into the hole as fast as possible. When the target is achieved, the game scene is updated, increasing the level of complexity of the task.
Procedures and design
The design of this study is a case-control with repeated-measures. This way, the following steps were taken along the experimental design.
After the participants have signed the consent term, the examiners used the instruments composed by the inclusion and exclusion criteria to assess them. Three physiotherapists with a minimum of 4 year-experience in neurological rehabilitation performed the assessments.
At first moment, the task was showed to each participant followed by the instruction: "This is the task you are about to practice. It is a videogame that you use the movement of your body in order to play. Therefore, you need to stand on the platform, and with the movement of your trunk, you are able to control the balls into the hole. This is your objective on the task. Do it as fast as possible".
After the instruction, the researcher performed two trials in order to demonstrate the task. Afterwards, the participant performed three trials for the familiarization with the task, followed by the pre-test with five trials. The acquisition phase was composed by four trials of 30 minutes each. The blocks of practice were done in consecutive days. In the end of the last block, in same day, there was a post-test with the same characteristics of the pre-test. During and strictly only on the acquisition phase, the participant had verbal and proprioceptive feedback about his performance, when it was necessary. After that, the participants did not practice the task during 1 week. The retention test was performed, with the same characteristics of the previous tests after one week of the acquisition.
Data Analysis
The dependent variables were: (1) the game score achieved each trial (represented the level of complexity that the subject reached each trial), (2) the number of error balls, represented by the number of balls falling from the surface (number of errors for each trial), and (3) the number of correct balls (representing the number of times the participant has reached the goal task for each trial).
The normality and homogeneity of the dependent variables were verified through Shapiro Wilks and Levene tests, respectively. For the statistical analysis we considered the mean of each trial block, whereupon was considering each dependent variable a 2 x 3 ANOVA for repeated measures (EG and CG x pre-test, post-test, and retention test) was run. The identified effects were followed by the Tukey post hoc testing. The Statistica 11.0 (Stat Soft Inc., Tulsa, USA) software was used with adoption of 5% for significance level. As a complement, it was performed a correlation analysis between the game score (complexity) and the number of error balls (error) using the Pearson correlation coefficient for each group (EG and CG). Table 1 is show the data of characterization of the CG and EG. Concerning the number of correct balls (goal task), a two-way ANOVA revealed effects only between pre-test and post-test (F(1,20) = 41.22, p = .00, η 2 = .81). The Tukey testing identified difference between pre and post-test (p = .0002), and, pre-test and retention test (p = .0001). These results demonstrate that there was no difference between CG and EG to measure correct balls and both groups increased the number of correct balls from pre to post-test and maintained it in the retention test (Figure 2) . 
RESULTS
In the
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In relation to score (complexity level) reached in each block trial. The two-way ANOVA identified interaction effect (F (1,20) = 4.77, p = .01, η 2 = .11). The Tukey test revealed that for the intergroup analysis, the groups were not different in pre-test (p = .33) but were different in the post-test (p = .001) and the retention test (p = .08). For intragroup analysis, the groups were different between pre-and post-test, CG (p = .0001) and EG (p = .0001), and, pre-test and retention test, CG (p= .0001) and EG (p= .0001). On the other hand, the groups showed no significant difference between post-test and the retention test, CG (p = .84) and EG (p = .99) (Figure 3 ). These data together suggest that both groups reached higher levels of complexity in the task, and these high levels were maintained in the retention test. However, both groups showed different behaviors along the practice, since the pre-test showed the same and post-test, and retention test were different.
With respect to error balls of the CG and the EG the Anova two way test just detected significant difference intragroup (F (1,20) = .53, p = .00, η 2 = .58) and the Tukey post hoc confirmed the significant difference between preand post-test (p = .0001), and pre-test and retention test (p = .0001) (Figure 4) . These data suggest that both groups, CG and EG, have similar behaviors along the experiment, being that both groups increased the error number along the practice and this was maintained in the retention test and probably attributed to the increase of task complexity. Finally, the Pearson correlation test showed that the EG and CG showed moderate positive correlation between the game score (level of complexity) and the number of error balls (error). The increasing of the level of complexity over the practice of blocks moderately induced increase in the number of wrong trials over the ball blocks. Being that the EG had correlation = .52 and the CG presented correlation = .52. Such data can explain the increase of errors along the practice because the increase of the level of complexity during the practice induced moderate increase in the number of erroneous trials along of the blocks of practice.
DISCUSSION
These results suggest that post-stroke individuals have the capacity to learn a postural control task similar to healthy individuals. Based on the correct balls measure, that expresses the task goal, the CG and EG did not differ in any phase of the experiment. Therefore, both groups improved their performance according to the practice and maintained it in the retention test, reflecting that both groups have learned the task.
Thus, the results suggest that the difference in motor learning between post-stroke and healthy individuals may be at the level of complexity of the task. This statement is based on the superiority of CG in relation to EG on the obtained complexity level. Noteworthy is the fact that both groups were not different statistically in the pre-test and after the acquisition there was an intergroup difference in the post-test and retention. It is clear that, with practice, the CG could perform the task at superior levels of complexity than the EG, which was maintained in the retention test.
Besides, both groups were similar to the number of erroneous balls, and increased the number of errors during the practice of task, maintaining it in the retention test. This seemed strange based on the expectation that with the practice of any motor skills, there is a decrease in error (Edwards, 2011; Schmidt & Lee, 2011 ). However, the task proposed in this study showed the characteristic of increasing complexity exponentially compatible with the performance improve. This dynamic of increased complexity may be justified to moderately positive correlation between the game scores and the number of erroneous balls. These results can be attributed to the effects generated by the increase in complexity along the practice.
When comparing the findings of this study to the literature, it is possible to find the equality of motor learning capacity between post-stroke individuals and healthy subjects. These results were seem in precision manual tasks (Platz et al., 1994) , in tracking tasks (Boyd & Winstein, 2004; Vidoni & Boyd, 2009) , in serial reaction time tasks (Pohl et al., 2006) and reach and grasping tasks . Thus, this study becomes unique because it is the first to investigate motor learning in a postural control task. Besides, our results corroborates to the fact that the ability to learn after a stroke is not impaired and it is similar to healthy individuals.
However, this statement should be cautious, since the multifactorial etiology and heterogeneous clinical condition of post-stroke population may affect the external validity of the data and the generalization for the stroke population. In this context, it is known that poststroke individuals with different levels of impairment may benefit from different practice schedules (Schaapsmeerders et al., 2013) or presenting distinct learning capacity (Boyd & Winstein, 2004; Vidoni & Boyd, 2004) .
The study of Pohl, Mcdowd, Filion, Richards, and Stiers (2006) indicates that individuals with mild and moderate impairment are similar to the healthy individuals in learning tasks; however, the individuals with severe impairment are different from the healthy subjects. Thus, we can assume that the mild/moderate impairment characteristics of our sample can justify the similar results in motor learning between EG and CG.
Moreover, the absence of a learning test such as the retention test may provide a false detection of motor learning difference between post-stroke subjects and healthy subjects. In fact, the studies of Boyd, Quaney, Pohl, and Winstein (2007), Iofee, Chernikova, Umarova, Katsuba, and Kulikov (2010) , Pool and Winstein (1999) and Ustinova, Chernikova, Iofee, and Silva (2001) showed differences between post-stroke and control subjects. However, they have analyzed the acquisition phase with no learning test (retention and / or transfer).
This study is relevant and contributes to the body of knowledge in the literature, because investigates the comparison of motor learning (including a retention test) of a postural control task between post-stroke individuals and healthy individuals. Besides, the retention test after a week with no practice allows inferring about the long-term-retention, which is measured only when the deleterious or increase effects of the performance variables are forgotten (Fischman, Cristina, & Vercruysen, 1982) .
This principle of offering the time necessary to the performance variables dissipate is essential for motor learning experiments. As an example may be mentioned the study by Vidony and Boyd (2009) , in which it was detected significant differences between the motor learning of poststroke individuals and healthy subjects.
In principle may seem unexpected that poststroke individuals have similar motor learning that in healthy individuals. This is because this population has perceptual-motor and cognitive deficits (Carr & Shepherd, 2003; Shumway-Cook & Woollacott, 2010) which might result in a poor performance compared to healthy subjects. However, the motor performance improvement of these individuals do not necessarily requires improvement in motor structures. It may be that the performance improvement is derived from a Learning of a postural control task by stroke | 147 compensatory mechanism that is learned and retained (Levin, Kleim, & Wolf, 2009) .
Additionally, the results of this study suggest that the effects of complexity differ post-stroke individuals from healthy subjects. Complexity is an element that has been well investigated in healthy subjects and has a strong influence on performance (Wulf & Shea, 2002) . Apparently, the results of this study also suggest that the complexity is an element that directly influences the performance of post-stroke individuals in postural control tasks and, until the present moment, there have been no studies that investigated this element. Our study did not target to investigate the complexity itself, but it became clear that this is an important variable to be investigated in the future in this population.
Finally, the present study has some methodological limitations: 1 -The task was conducted in a commercial video game system, and did not allow the researcher to modify the practice parameters during the acquisition. 2 -The practice time on each trial was determined by the degree of complexity that the participant has achieved at the end of the task. Therefore, those who could overcome the complexity levels proposed by the game remained more time performing the task on each trial. To solve this problem, the practice was controlled by the time of performance. 3 -It was not performed the functional magnetic resonance imaging of the subjects, as done by Boyd and Winstein (2004) and Boyd et al. (2007) , which does not allow the analysis of the injured brain volume for each subject. 4 -There was no kinematic evaluation of patients while performing the task, preventing consideration of the performance improvement was originated from compensatory mechanisms, as was done by Cirstea, Mitnitski, Feldman, and Levin (2003) and Platz et al. (1994) .
CONCLUSION
It is concluded that post-stroke individuals have similar learning capacity of a postural control task as healthy individuals. However, the capacity to learn a postural control task in higher levels of complexity makes post-stroke individuals differ negatively of the healthy individuals.
